Delayed cerebral ischemia (DCI) is a serious complication of aneurysmal subarachnoid hemorrhage (SAH). Matricellular protein periostin (POSTN) has been found to be upregulated and linked with early brain injury after experimental SAH. The aim of the present study was to investigate the relationship between plasma POSTN levels and various clinical factors including serum levels of C-reactive protein (CRP), an inflammatory marker, in 109 consecutive SAH patients whose POSTN levels were measured at days 1-12 after aneurysmal obliteration. DCI developed in 16 patients associated with higher incidence of angiographic vasospasm, cerebral infarction, and 90-day worse outcomes. POSTN levels peaked at days 4-6 before DCI development. Cerebrospinal fluid (CSF) drainage was associated with reduced POSTN levels, but did not influence CRP levels. There was no correlation between POSTN levels and other treatments or CRP levels. To predict DCI development, receiver-operating characteristic curves indicated that the most reasonable cutoff POSTN levels were obtained at days 1-3 in patients without CSF drainage (80.5 ng/ml; specificity, 77.6%; sensitivity, 85.7%). Multivariate analyses using variables obtained by day 3 revealed that POSTN level was an independent predictor of DCI. POSTN levels over the cutoff value were associated with higher incidence of DCI, but not angiographic vasospasm. This study shows for the first time that CSF drainage may reduce plasma POSTN levels, and that POSTN levels may increase prior to the development of DCI with and without vasospasm irrespective of systemic inflammatory reactions in clinical settings. These findings suggest POSTN as a new therapeutic molecular target against post-SAH DCI.
Introduction
Aneurysmal subarachnoid hemorrhage (SAH) is a lifethreatening disease even in these years [1] . Patients who survive an early stage of aneurysmal SAH and have their aneurysms obliterated are still at risk of delayed cerebral ischemia (DCI) that often results in severe disabilities or death [1] [2] [3] . The mechanisms of post-SAH brain injury are multifactorial, but neuroinflammation is considered as an important cause [4] [5] [6] [7] [8] [9] .
Periostin (POSTN) is a 90-kDa extracellular matrix protein belonging to the fasciclin family, which was originally reported as osteoblast-specific factor 2 [10] . POSTN is closely related to inflammation and modulates immune and nonimmune cells as a matricellular protein [11] . Therefore, POSTN has been paid attention to as a biomarker or a therapeutic target of inflammatory diseases [11, 12] . Recently, we reported that POSTN was upregulated in cerebral cortex after SAH in mice and was responsible for early brain injury (EBI) in terms of blood-brain barrier (BBB) disruption [13] . There has been only one paper published in a clinical setting, in which admission and pretreatment peripheral blood levels of POSTN were related to clinical severity, DCI, and poor outcomes after aneurysmal SAH [14] . However, it remains unknown how peripheral blood POSTN levels change with time, and if various treatments that are performed for aneurysmal obliteration or prevention of DCI influence peripheral blood POSTN levels. More importantly, it is still unclear if peripheral blood levels of POSTN increase in association with the development of cerebral vasospasm or other neurovascular causes of DCI, or are merely a ubiquitous or confounding factor reflecting systemic inflammation. In the present study, thus, we measured plasma POSTN levels chronologically from the day postaneurysmal obliteration to 12 days post-SAH and investigated the relationship between plasma POSTN levels and various clinical factors including vasospasm, DCI, treatment, and serum levels of C-reactive protein (CRP) as a nonspecific systemic inflammatory marker.
Methods
The Institutional Ethics Committee approved the study, and written informed consent was obtained from the relatives.
Study Population
The present study included consecutive patients registered in the prospective registry for searching mediators of neurovascular events after aneurysmal SAH (pSEED) [15, 16] that was conducted in 9 tertiary referral centers in Mie prefecture in Japan (listed in Supplementary Material: Appendix) from September 2013 to May 2015. In the registry, in addition to clinical variables, plasma samples were serially collected and stored at − 78°C. In the present study, plasma POSTN levels were measured using the stocked plasma samples, and the relationship between plasma POSTN levels and clinical variables was retrospectively analyzed. The inclusion criteria were as follows: ≥ 20 years of age at onset, modified Rankin scale (mRS) 0-2 before onset, SAH on computed tomography (CT) or lumbar puncture, saccular aneurysm as the cause of SAH confirmed on CT angiography or digital subtraction angiography, and aneurysmal obliteration by clipping or coil embolization within 48 h of onset. The exclusion criteria were as follows: unknown etiology or other causes of SAH such as ruptured fusiform, dissecting, traumatic, mycotic and arteriovenous malformation-related aneurysms, treatment by parent artery occlusion without bypass surgery, angiographic or treatment-related complications such as cerebral infarction or hemorrhage, serious premorbidities such as heart, respiratory, or renal failure that precluded enough anti-DCI treatment, and concomitant inflammatory diseases that are known to upregulate POSTN [11] . Timing, treatment modality (clipping or coil embolization) of aneurysmal obliteration, and other medical management or treatment strategies depended on the onsite investigators.
Clinical Variables
Baseline demographic and clinical data included age, sex, existing co-morbidities (hypertension, dyslipidemia, and diabetes mellitus; previously diagnosed or on medication), current smoking, preoperative World Federation of Neurological Surgeons (WFNS) grade, modified Fisher grade [17] obtained by CT on admission, acute hydrocephalus, and the location of a ruptured aneurysm (anterior or posterior circulation). Acute hydrocephalus was recorded when there was an evidence of ventriculomegaly proved by CT on admission, which was considered to cause neurological impairments such as disturbance of consciousness: a catheter of cerebrospinal fluid (CSF) drainage was placed at clipping or the day after coiling if ventriculomegaly was continued. As treatment-related variables, the following factors were evaluated: treatment modality (clipping or coil embolization) performed for aneurysmal obliteration, CSF drainage including ventricular, cisternal and spinal drainage to manage hydrocephalus and/or to promote hematoma clearance, medication to prevent DCI (intravenously administered fasudil hydrochloride, oral or enteral cilostazol, eicosapentaenoic acid [EPA], and statin), and rescue therapies for DCI (intentional hypertension, and intra-arterial injections of fasudil hydrochloride). Outcomes were assessed as to DCI, angiographic vasospasm, cerebral infarction, and mRS at 90 days post-SAH. DCI was defined as otherwise unexplained clinical deterioration (i.e., focal neurological deficits, a decrease of at least 2 points on the Glasgow Coma Scale, or both), which lasted for at least 1 h [1] . Other potential causes of clinical deterioration were excluded on clinical assessment, CT, magnetic resonance images, or laboratory studies. Angiographic vasospasm was defined as 50% or more reduction in the baseline vessel diameter of major cerebral arteries on CT angiography or digital subtraction angiography irrespective of symptoms, which was performed around 7 days post-SAH or at neurological deterioration. Cerebral infarction was defined as newly developed infarct after aneurysmal obliteration on CT images that was judged not to be iatrogenic, and occurred within 1 month after SAH. Determination of these factors was made at each center, and the organizing committee qualified them.
Measurement of Plasma POSTN
After aneurysmal obliteration, blood samples were serially collected with minimal stasis from a vein at days 1-3, 4-6, 7-9, and 10-12 after onset. All samples were centrifuged for 5 min at 3000 G, and the supernatants were stored at − 78°C until assayed. Plasma POSTN levels were determined using a commercially available enzyme-linked immunosorbent assay kit for human POSTN (AG-45B-0004-KI01; Adipogen, Switzerland).
As a control, blood samples were also obtained from 6 patients with unruptured cerebral aneurysms who provided written informed consent (mean, 65.2 years old; female/male = 1/5) before any invasive procedure, and plasma POSTN levels were determined as described above.
Serum CRP
To determine the relationship between plasma POSTN levels and serum levels of CRP, CRP data were retrospectively collected and analyzed. CRP levels were measured with an automatic chemistry analyzer using the same blood samples as that for POSTN measurements at each center.
Volume of CSF Drainage
In patients with CSF drainage, the duration and the volume of CSF output were retrospectively collected. For every POSTN level, the total volume of CSF drainage was obtained as the total CSF drainage volume by the POSTN measurement point, respectively. Daily drained volume of CSF was calculated by dividing the total volume of CSF drainage (ml) by the duration from the day of aneurysmal obliteration to that of blood sampling for the POSTN measurement (day): if there was the duration of no CSF drainage, the volume of CSF drainage during the period was calculated as 0 ml.
Statistical Analysis
Continuous variables were expressed as mean ± standard deviation (SD) or standard error of the mean (SEM; for graphs) and were compared between groups by unpaired t tests after confirming that each population being compared followed a normal distribution using Shapiro-Wilk W tests. Categorical variables were reported as percentage and were compared using chi-square or Fisher's exact tests. Correlation between plasma POSTN levels and various factors was evaluated by Pearson's correlation coefficient for continuous variables or point biserial correlation coefficient for categorical variables. Receiver-operating characteristic (ROC) curves and the area under the curve (AUC) were analyzed for plasma POSTN levels and subsequent DCI development. Multivariate logistic regression analyses with DCI as the dependent variable were performed by the backward stepwise method using all variables except for outcome variables. For multivariate analyses, WFNS grade was divided into grades I-III and IV-V, and modified Fisher grade was categorized as grades 1-3 and 4. All statistical analyses were performed with EZR (Saitama Medical Center, Jichi Medical University, Saitama, Japan), which is a graphical user interface for R (The R Foundation for Statistical Computing, Vienna, Austria). More precisely, it is a modified version of R commander designed to add statistical functions frequently used in biostatistics [18] . A significant level was set at p value < 0.05.
Results

Comparison Between Patients With and Without DCI
One hundred and thirty-six consecutive patients were registered in this period. In total, 109 patients were included in the present study and 27 patients were excluded (10 patients, no blood samples; 9 patients, dissecting aneurysms treated by parent artery occlusion; 4 patients, aneurysmal obliteration after 48 h of onset; and 4 patients, preonset mRS ≥ 3) (Supplementary Material: Fig. S1 ). Plasma POSTN levels at days 1-3 and 4-6 were measured in all patients, but those at days 7-9 and 10-12 were missing in one patient, respectively. In addition, the following data were missing in some cases: current smoking (13 patients), acute hydrocephalus (1 patient), and angiographic vasospasm (5 patients). The analyses were performed except for the missing data. The mean age of patients was 65.2 ± 12.6 (SD) years old, and 77 cases (70.6%) were female. The number of patients with preoperative WFNS grades IV-V was 39 (35.8%). DCI developed in 16 cases (days 1-3, 0 case; days 4-6, 3 cases; days 7-9, 9 cases; days 10-12, 2 cases; and day 13 and later, 2 cases). Age, sex, comorbidities (hypertension, dyslipidemia, and diabetes mellitus), current smoking, preoperative WFNS grades, modified Fisher grades, acute hydrocephalus, and ruptured aneurysm location were not different between patients with and without DCI ( Table 1) . Treatment modality (clipping or coiling), CSF drainage, and anti-DCI preventive medications (intravenous fasudil hydrochloride, cilostazol, EPA, and stain) were also similar between the 2 groups. However, patients with DCI were associated with significantly higher incidence of angiographic vasospasm, cerebral infarction, and 90-day worse outcomes, although intentional hypertension was performed in 5 patients developing DCI (31.3% vs 3.2% in no-DCI group, p = 0.002) and intra-arterial injections of fasudil hydrochloride were performed in 7 patients developing DCI (43.8% vs 1.1% in no-DCI group, p < 0.001).
Relationship Between Plasma POSTN Levels and DCI, Other Clinical Variables or CRP
Compared with plasma POSTN levels in control cases (52.3 ± 4.0 [SEM] ng/ml), plasma levels of POSTN in aneurysmal SAH patients were higher. Plasma POSTN levels peaked at days 4-6, when the levels were significantly higher in patients with subsequent DCI development compared with those without DCI (Fig. 1a) . Serum CRP levels were measured in 86 patients at days 1-3, 84 patients at days 4-6, 83 patients at days 7-9, and 84 patients at days 10-12: CRP levels were not significantly different between patients with and without DCI at any sampling point (Fig. 1b) . When correlation was examined between post-SAH plasma POSTN levels and clinical variables, plasma POSTN levels at days 4-6 were weakly but positively correlated with DCI and the resultant intentional hypertension. In contrast, weak and negative correlation was observed between plasma POSTN levels at days 1-3 and preoperative WFNS grades or acute hydrocephalus, and between Table S1 ). Especially, plasma POSTN levels were significantly lower in patients with than without CSF drainage at any sampling point (Fig. 2a) . The treatment modality of aneurysmal obliteration, angiographic vasospasm, cerebral infarction, and 90-day outcomes were not correlated with plasma POSTN levels (Supplementary Material: Table S1 ).
CSF drainage was performed in 53 patients (48.6%; Supplementary Material: Fig. S1 ) and the duration was 4.9 ± 4.1 (SD) days (range, 1-12). The volume of CSF drainage was missing in 2 cases; in addition, 15 cases underwent continuous cisternal irrigation by artificial CSF, and therefore, the precise CSF output volume could not be measured in those patients. Thus, data in the remaining patients were used to evaluate the relationship between plasma POSTN levels and the CSF drainage volume at each period: both daily drained volume of CSF and the total volume of CSF drainage were negatively correlated with plasma POSTN levels (Supplementary Material: Fig. S2 ).
CRP levels were not correlated with plasma POSTN levels at any sampling point (Supplementary Material: Table S1 ). In contrast to POSTN levels, CRP levels tended to be higher in patients with CSF drainage: CRP levels were significantly higher in patients with than without CSF drainage at days 7-9 (Fig. 2b) .
ROC Curve Analyses for the Performance of Plasma POSTN to Predict DCI
The ROC curve analyses for the performance of plasma POSTN levels were separately performed in patients with CSF drainage and in those without CSF drainage (Supplementary Material: Fig. S1 ). To predict the development of DCI in patients without CSF drainage, the ROC curve indicated that plasma POSTN with a cutoff value of 80.5 ng/ml resulted in a specificity of 77.6% and a sensitivity of 85.7% at days 1-3 (AUC, 0.770; 95% confidence interval [CI], 0.581-0.958), and that the specificity was 65.3% and sensitivity was Fig. 2 Chronological comparison of plasma periostin levels (a) and serum C-reactive protein (CRP) levels (b) between patients with and without cerebrospinal fluid (CSF) drainage. Periostin levels are significantly lower in patients with CSF drainage at any sampling point, while CRP levels are significantly higher in patients with CSF drainage at days 7-9 (*p < 0.05, **p < 0.001 vs no CSF drainage; unpaired t test). Data, mean ± standard error of the mean; ( ), number of patients Fig. 1 Chronological comparison of plasma periostin levels (a) and serum C-reactive protein (CRP) levels (b) between patients with and without delayed cerebral ischemia (DCI). Periostin levels are significantly higher in patients with DCI compared with those without DCI at days 4-6 (*p < 0.05 vs no DCI; unpaired t test). CRP levels are not significantly different between the DCI and the no-DCI groups. Data, mean ± standard error of the mean; ( ), number of patients 85.7% when a cutoff value of 71.3 ng/ml was set at days 4-6 (AUC, 0.770; 95% CI, 0.622-0.917; Fig. 3) . However, at both days 7-9 and 10-12, no reasonable cutoff value was obtained. In patients with CSF drainage, no reasonable cutoff value of plasma POSTN was obtained to predict DCI at any sampling point (Supplementary Material: Fig. S3 ).
Univariate Analyses for DCI Development in Patients With or Without CSF Drainage
When CSF drainage was not performed, DCI development was significantly associated with more amount of SAH assessed by modified Fisher grade (especially higher incidence of grade 4; Table 2 ) and higher plasma POSTN levels at days 1-3 and 4-6 (Fig. 4a) . CRP levels were also significantly higher in patients with DCI at days 4-6 (Fig. 4b) . Although treatments other than intentional hypertension were not significantly different between patients with and without DCI, patients with DCI had significantly higher incidence of intentional hypertension, angiographic vasospasm, cerebral infarction, and worse 90-day outcomes (Table 2) .
CSF drainage was more frequently performed in patients with worse clinical grades (WFNS grades IV-V, 54.7% vs 17.9% in no CSF drainage, p < 0.001 and modified Fisher grade 4, 50.9% vs 25.0% in no CSF drainage, p = 0.009) and acute hydrocephalus (62.3% vs 18.2% in no CSF drainage, p < 0.001), but the incidence of DCI in patients with CSF drainage was similar to those without CSF drainage (Supplementary Material: Table S2 ). In patients with CSF drainage, the difference in the amount of SAH assessed by modified Fisher grade (Table 2) , plasma POSTN levels, and serum CRP levels (Supplementary Material: Fig. S4) was not detected between patients with and without DCI. Patients with DCI had higher incidence of angiographic vasospasm and cerebral infarction, but 90-day outcomes were not significantly different between patients with and without DCI ( Table 2 ).
Multivariate Analyses for DCI Development
To reduce potential selection bias as much as possible, variables for multivariate logistic regression analyses were selected by the downward stepwise method using all variables that were Data are number of patients (% of total patients per group) unless otherwise specified. p value, Fisher's exact test, or unpaired t test. EPA = eicosapentaenoic acid, i.a. = intra-arterial, i.v. = intravenous, mRS = modified Rankin scale, SD = standard deviation, WFNS = World Federation of Neurological Surgeons obtained by day 3 post-SAH, because most of variables including WFNS grade were not significant on univariate analyses (Tables 1 and 2 ) and correlation between variables was weak (Supplementary Material: Table S1 ). The analyses revealed that plasma POSTN level at days 1-3 as a continuous variable was the sole independent predictor of the subsequent development of DCI when assessed in all patients (odds ratio [OR], 1.030; 95% CI, 1.000-1.060; p = 0.034; Supplementary Material: Table S3 ). When multivariate logistic regression analyses were performed in patients without CSF drainage, plasma POSTN levels at days 1-3 were also an independent predictor of the subsequent development of DCI: the OR was 23.800 (95% CI, 1.900-299.000; p = 0.014) when plasma POSTN levels at days 1-3 were categorized using the cutoff value of 80.5 ng/ml determined in Fig. 3 (Table 3) , and the OR was 1.050 (95% CI, 1.000-1.100; p = 0.031) when plasma POSTN levels were used as a continuous variable (Supplementary Material: Table S4 ). When multivariate logistic regression analyses were performed in patients with CSF drainage, plasma POSTN levels at days 1-3 were not an independent predictor of DCI (Supplementary Material: Table S5 ).
Clinical Significance of Elevated Plasma POSTN Levels
In patients with no CSF drainage, the relationship between plasma POSTN levels over the cutoff value determined in Fig. 3 and clinical variables or outcome measures was examined (Supplementary Material: Table S6 ). Higher POSTN levels were associated with higher incidence of DCI, but not related with angiographic vasospasm, cerebral infarction, 90-day outcomes as well as serum CRP levels at both days 1-3 and 4-6.
Discussion
The novel findings of the present study were that: 1) plasma POSTN levels kept high at days 1-12 and peaked at days 4-6; 2) plasma POSTN levels were significantly lower in patients with CSF drainage compared with those without CSF drainage, although CSF drainage was performed in patients with poorer initial clinical status; 3) more CSF drainage volume was associated with lower plasma POSTN levels; 4) plasma POSTN levels were significantly higher in patients with than without DCI at days 1-3 and 4-6 when CSF drainage was not performed, but CSF drainage lost the difference; 5) treatments other than CSF drainage did not affect plasma POSTN levels before onset of DCI; 6) plasma POSTN levels were not correlated with serum CRP levels; 7) plasma POSTN levels at days 1-3 was an independent predictor of DCI in patients without CSF drainage; and 8) plasma POSTN levels were not related to angiographic vasospasm. These findings suggest Fig. 4 Chronological comparison of plasma periostin levels (a) and serum C-reactive protein (CRP) levels (b) between patients with and without delayed cerebral ischemia (DCI) when cerebrospinal fluid drainage was not performed. Periostin levels at days 1-3 and 4-6, and CRP levels at days 4-6 are significantly higher in patients with DCI (*p < 0.05 vs no DCI; unpaired t test). Data, mean ± standard error of the mean; ( ), number of patients Variables are selected by the downward stepwise method using all variables that are obtained by day 3 postsubarachnoid hemorrhage. Modified Fisher grade is categorized as grades 1-3 and 4. Plasma periostin levels at days 1-3 are categorized using the cutoff value that was determined in Fig. 3 . CI = confidence interval, OR = odds ratio that plasma POSTN increases prior to the development of DCI with and without angiographic vasospasm. In addition, considering the findings that CSF drainage precluded the elevation of plasma POSTN levels irrespective of a nonspecific systemic inflammatory marker CRP level, POSTN might be produced in the intracranial space. Plasma POSTN levels may reflect an intracranial pathophysiology, and those at days 1-3 may be useful to predict DCI regardless of vasospasm in patients without CSF drainage. Under normal conditions, POSTN is present at low levels in adult tissues, but highly expressed at sites of inflammation or injury [19] . POSTN is characterized as a molecule easily moving or secreted from inflamed sites into various body fluids such as blood [20] , urine [21] , sputum [22] , and tears [23] , although the mechanism of the moving or secretion still remains unclear [11] . Although it is not certain whether POSTN is upregulated in post-SAH injured brain, and then secreted into peripheral blood in a clinical setting, BBB disruption may influence the permeability of POSTN. POSTN is a 90-kDa protein, which is much bigger than ≤ 500 Da molecules that pass BBB easily [24] . In patients with SAH, however, BBB disruption occurs [25] , possibly allowing POSTN to move from brain or CSF to peripheral blood, or vice versa. Actually, the present study showed that more CSF drainage volume was significantly correlated with reduced plasma POSTN levels without influencing serum CRP levels. These findings suggest that POSTN might be induced in post-SAH brain or CSF corresponding with our recent experimental study, in which POSTN was upregulated in brain capillary endothelial cells and neurons in a filament perforation SAH model in mice [13] . CSF drainage might decrease the amount of POSTN that could move from the brain and CSF to the peripheral blood in this study. In contrast, as CRP is synthesized in liver and increases by nonspecific inflammatory reactions [26] , CSF drainage could not reduce serum CRP levels.
The present study revealed that plasma POSTN levels significantly increased before the development of DCI but not associated with angiographic vasospasm in patients without CSF drainage. ROC curve analyses suggested that plasma POSTN levels at days 1-3 and 4-6 could be used as a biomarker for predicting DCI in patients without CSF drainage. The underlying mechanism of DCI development has not been clarified exactly, and nonvasospastic causes of DCI have been attracted attention to recently [4, 27, 28] . However, inflammation is considered to be an important cause of DCI irrespective of vasospasm [4, [27] [28] [29] [30] . As tissue injury and inflammation induce the expression of POSTN, post-SAH neuroinflammation may cause POSTN upregulation [11, 19] . In experimental SAH, POSTN caused EBI or BBB disruption via the activation of mitogen-activated protein kinases (MAPKs) and matrix metalloproteinase (MMP)-9, interacting with another matricellular protein tenascin-C [13] . MAPKs and MMP-9 are well known to cause the degradation of cerebral microvessel basal lamina and tight junction protein zona occludens-1, resulting in BBB disruption and brain edema formation after SAH [31, 32] . A more recent study also showed the possible involvement of POSTN in the development of EBI or BBB disruption after experimental SAH [28] . Thus, post-SAH increases in POSTN may cause EBI, which in turn may lead to DCI with no vasospasm [13] . In fact, a previous clinical study reported positive correlation between admission WFNS grade, which may reflect the severity of EBI, and pretreatment peripheral blood POSTN levels [14] . In the present study, admission WFNS grade and plasma POSTN levels at days 1-3 were negatively correlated, but this may be because poor-grade patients more frequently underwent CSF drainage, resulting in lower plasma POSTN levels. On the other hand, CSF drainage reduced plasma POSTN levels that were not different between patients with and without DCI, but DCI still developed in the present study. This can be explained by the speculation that CSF drainage reduced plasma POSTN levels through preventing POSTN from moving to peripheral blood from the central nervous system, but POSTN levels in the CSF and brain tissues might remain high, causing DCI.
In human and mouse, POSTN is known to undergo alternative splicing between exons 16 and 22 in its C-terminal region, and expressed as specific splicing isoforms, which may have different functions depending on a disease [33] . To date, 9 splicing variants have been identified, but the function of different splicing variants has not been fully understood [34] . At present, clinically important or well-known variants are as follows: POSTN 1, a full-length form containing 23 exons; POSTN 2, which lacks exon 17; POSTN 3, which lacks exon 21; and POSTN 4, which lacks exons 17 and 21 [34] . For example, POSTN 2 exhibited neuroprotective effects and accelerated neurite outgrowth in transient focal cerebral ischemia in mice associated with Akt phosphorylation [35] . On the other hand, in experimental SAH in mice, POSTN 1 caused BBB disruption and brain edema formation [13] . However, it remains unknown whether splicing variants of POSTN other than POSTN 1 are upregulated after SAH, and if so, how different splicing variants of POSTN function after SAH. According to the manufacturer's datasheet (https:// www.biomol.com/product_Periostin-human-ELISA-Kit. html?aRelated=AG-45B-0004), the assay kit used in the present study can detect POSTN isoforms 1-4 together, but not separately. As splicing variants of POSTN may have opposite functions, thus, further studies are needed to investigate the time course of each variant of POSTN induction and the relationship among each POSTN splicing variant and post-SAH neurovascular events including DCI.
There are several limitations in the present study. First, the present study used a prospectively maintained pSEED database, but this is a small-scale retrospective study with potential selection bias. To confirm the findings in the present study, therefore, large-scale prospective studies are needed. Second, CSF levels of POSTN were not measured. In patients with CSF drainage, it may be useful to measure POSTN levels in both peripheral blood and CSF simultaneously to confirm whether POSTN is induced in the central nervous system or merely reflects system inflammatory reactions. Third, plasma POSTN levels were not compared between before and after CSF drainage to more clearly show effects of CSF drainage on plasma POSTN levels. Fourth, the method used in the present study could not distinguish POSTN isoforms as described above. However, the present study showed for the first time that post-SAH induction of POSTN might precede the development of DCI regardless of vasospasm in a clinical setting, and suggests the possibility of POSTN as a new therapeutic target against DCI not directly related to vasospasm. Further studies would prove the significance and usefulness of POSTN researches in DCI after SAH.
